This report on phosphorus metabolism is the fourth in a series on the effect of changes in the ascorbic acid and citrate content of the diet on the ascorbic acid, citric acid, calcium, phosphorus, and nitrogen metabolism of eight preschool children. The effect on ascorbic acid, citric acid, and calcium metabolism have been reported by Meyer and Hathaway ('44), Metcalf and Hathaway ('45) and Watson and asso ciates ('45), respectively.
cause these changes were in the basal diet, and somewhat less of the basal foods was consumed by subject H throughout the study, and by subject G during the first 4 and last 5 weeks. Also, the Ey-Krisp and Toasted Wheat Wafers, al lowed ad libitum, contained significant amounts of phosphorus. Supplements of crystalline ascorbic acid (100 mg), potassium citrate (3.38 gm), or both were given as indicated in table 1. During the last 2 weeks, the children of the low-milk group were given orange juice in place of crystalline supplements.
The methods of collecting and preparing samples for analy sis have been described by Metcalf and Hathaway ('45) and Watson and associates ('45) . With the exception of the milk samples for the second year, all samples for phosphorus analy ses were ashed using essentially the method of Gerritz ('35) . The phosphorus content of the ashed samples was determined by a modification of the method of Fiske and Subbarow ( '25) , adapting it to the photoelectric colorimeter. Exact timing for the development of the color in samples and standards was used.
The milk samples for the second year were ashed in a muf fle furnace at about 400Â°C., as suggested by Peters and Van Slyke ('32) . The phosphorus values were much lower by this method, and are believed to be unreliable. The milks for the 2 years were specially prepared in the University Dairy Department.1 They were obtained from the same herd, at the same time of year, and had the same average nitrogen and calcium content. Since the calcium : phosphorus ratio in milk under these conditions should be constant, it seemed advisable to use the average found for phosphorus in milk for the first year in calculating the phosphorus intakes for the second year.
RESULTS AND DISCUSSION
The data obtained in this study are presented in table 1. Data for the four preliminary periods have been omitted. 1Specially prepared by Prof. E. S. Guthric to preserve the ascorbic acid content. See Sharp, Hand, and Guthrie ('39 â€¢ CT co o ci ci o co Â»-H oc co co Xe co to fri^to to to ut ft to fi t--Â»-H o co Â«0011*1-Â»fci-lfr.liâ€"
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Phosphorus intake and retention. Phosphorus metabolism has received less attention than that of calcium and nitrogen, probably because the phosphorus needs are satisfied if the calcium and protein needs are adequately met through com mon foods. The National Research Council's recommended dietary allowances ('45) do not include values for phosphorus, but suggest that the phosphorus of children's diets should equal or exceed the calcium content. In this study these con ditions have been met since the calcium: phosphorus ratios for the .four children on the high-milk intake ranged from 0.86 to 0.91, and for the low-milk group from 0.69 to 0.82. The phosphorus intakes for the eight children ranged from 896 to 1374 mg, or from 55 to 76 mg/kg of body weight. These intakes are similar to those given in other reports on phos phorus metabolism of preschool children (Porter-Levin, '33, '33-'34: Daniels et al., '35, '37; Pierce et al, '40; and Hawks et al., '42) .
Most of the reports of phosphorus retentions by preschool children are made in terms of mg/kg/day. Porter-Levin ('33-'34) reported average retentions of 5, 5, and 8 mg/kg; Daniels et al. ('35) 6-9 mg: Pierce et al. ('40) , 6.9 to 7.4 mg/kg: and Hawks et al. ('42) , 3 to 8 mg/kg. The average retentions for the eight subjects of this study ranged from 3.5 to 10.8 mg/kg on the various diets used.
Macy ( '42) states that 48 to 65% of the ingested phosphorus is excreted in the urine, suggesting the wide use of phosphorus in metabolism. It also suggests that the supply of phosphorus to the tissues is generally ample, or smaller excretions wrould be found. The phosphorus excretions for the eight children in this study are in line with those reported in the literature, and indicate adequate supply even on the lower intakes.
Effect of ascorbic acid supplement on phosphorus retention. Daniels and Everson ('37) found no significant changes in phosphorus retention with variations in ascorbic acid intake, ka6.65.98.65.37.98.7.4.16.59.46.26.94.16.38.310.68.4. 5.04.14.65.47.35.04.35.04.75.56.45.57.03.55.58.35.110.86.66.9% of intake1110151010126913910681115127678119710810981161012716101 1Basal diet only. â€¢ Basal diet plus ascorbic acid. 3Basal diet plus potassium citrate. *Basal diet plus ascorbic acid and potassium citrate. 5Basal diet plus orange juice.
but Shepherd et al. ('40) report decreases of 1.4 nig/kg/day on the addition of 20 mg of ascorbic acid. The decrease was ascribed to increases in the urinary excretion of phosphorus. In the eight children of the present study when 100 mg as corbic acid were added, the phosphorus retentions were de creased for five, increased for one, and showed little difference for two of the subjects, but the differences in retention with and without the supplement were not significant for any child.
Effect of potassium citrate supplement on phosphorus re tention. Comparison of the average retentions of phosphorus when 3.38 gm of potassium citrate were added to the diet, with the retentions without this supplement, shows that the phosphorus retentions were increased for four children, de creased for three, and unchanged for one with the supplement. The differences in retention were not significant for any child.
Effect of orange juice supplement on phosphorus retention. Approximately 218 ml of orange juice were added to the basal diet of subjects E, F, G, and H during the last 2 weeks of the study. The data for these periods are included in tables 1 and 2 under diet V. For subject E the retentions of phosphorus on this supplement were the greatest found at any time, but for the other three, the differences in retention were not ap preciable. Chancy and Blunt ( '25) have reported increased phosphorus retention in two adolescent girls; Daniels and Everson ('37) reported no significant differences in retention for three preschool children; and Shepherd et al. ('40) re ported decreased retention in 5 young children when fresh orange juice was added to the diet. The results of the present study support the evidence of Daniels and Everson that there is no significant effect of addition of orange juice on the re tention of phosphorus in preschool children.
SUMMARY AND CONCLUSIONS
Phosphorus metabolism has been studied in eight preschool children, on phosphorus intakes of 896 to 1374 mg/day, or 55 to 76 rag/kg/day. The values for retentions per kilogram of body weight were in line with those reported in the litera ture, average values varying from 3.5 to 10.8 mg/kg. The basal diet was supplemented with ascorbic acid, potassium citrate, and orange juice as indicated. None of the supple ments caused significant alterations in phosphorus retentions, although rather wide variations occurred from period to period. This might indicate that other factors than diet are largely responsible for fluctuations in phosphorus retentions.
